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Abstract
A plot à la Dalitz for angles between transverse momenta gives information about the reaction mechanism for AB→AXB
at high energy.  2001 Elsevier Science B.V.
1. Introduction
The distributions of the angles between the trans-
verse momenta of the two final state protons in the
reaction pp→ pXp at 450 GeV/c from CERN ex-
periment WA102 [1] showed great variations for vari-
ous X, where X is a centrally produced meson or sys-
tem of particles. These data have also been discussed
from a theoretical point of view [2].
2. A triangular plot à la Dalitz
For an inelastic reaction AB → AXB , we call the
three angles between the three final state transverse
momenta
α = the angle between the transverse momenta
of A and X,
β = the angle between the transverse momenta
of B and X,
φ = the angle between the transverse momenta
of A and B.
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We use
α/360◦ + β/360◦ + φ/360◦ = 1,
where these three “normalized” angles can be repre-
sented [3] simultaneously by only one point within
an equilateral triangle à la Dalitz, as shown in Fig. 1.
Since no angle exceeds 180 degrees, no normalized
angle can exceed 0.5.
Fig. 1. A triangular plot for angles between transverse momenta in
three-body final states, where the allowed region is within the inner
triangle.
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3. Some characteristic reactions
(a) For elastic scattering AB → AB , φ = 180
degrees between the final state transverse momenta of
A and B . Hence, for the quasielastic reaction AB→
AB, with subsequent decay B → B + X, φ and α
are in general large.
(b) For high energy AB-reactions where A is
dissociated, i.e.,
A→A+X,
e.g., the Yukawa-dissociation N ↔ N + π , the two-
particle system must have an internal momentum
distribution, and the plane of dissociation defined by
the momenta of the initial A and the two dissociated
particles A and X has no specific orientation. For
Deck-effect [4] where X is scattered off B , the
distribution of the angle β must be enhanced towards
180 degrees. Also, α must be enhanced towards 180
degrees because of the dissociation.
(c) For high energy AB-collisions where A is
dissociated, i.e.,
A→A+X,
where the plane of dissociation has no specific orienta-
tion as described above,A scattering offB gives an en-
hancement of the angle φ towards 180 degrees. Also,
α must be enhanced towards 180 degrees because of
the dissociation.
(d) For high energy AB-collisions where A and B
both are dissociated, e.g.,
A→A+ y,
and
B→B + z,
with subsequent
y + z→X,
the final state particles A and B may behave as
spectators. If phase space effects are ignored, one
would expect the distribution of φ to be flat.
For peripheral high energy AB collisions, the col-
liding particles retain most of their initial energy in
the final state, and the amount of energy available for
X production is, therefore, in general small. The mass
M of the final state AB-system is given by
M2 = (EA +EB)2 −
( pA + pB
)2
,
where EA and EB are the final state energies of A
and B , respectively, and where pA and pB are the
final state momenta of A and B , respectively. For | pA|
and | pB | fixed, minimum M and maximum final state
(X + AB) two-body phase space volume is obtained
for maximum vector sum pA + pB and φ = 0.
(e) For high energy and high angular momentum
AB-collisions, where the angular momentum L is
normal to the direction of the beam, the momenta of
the three final state particles tend to lie in a plane
which includes the direction of the beam, i.e., the
angles α, β and φ tend to be either small or large.
Hence, enhancements of points are expected in the
corners of the triangular plot with a depletion of points
elsewhere. These enhancements add to those due to the
phase space effect described in (d) above.
(f ) For high energy collisions with L = 0 and
impact parameter b = 0, no accumulation of points in
the corners of the plot as described in (e) above would
be expected, and vice versa.
4. Monte Carlo simulations
In order to show the gross features of the distribu-
tions of points in triangular plots for the AB→AXB
reactions discussed in 3(a)–(f ) above, the results of
simulations of pp → pXp reactions at 450 GeV/c
beam momentum based on the Monte Carlo phase
space program FOWL [5] are shown in Figs. 2(a)–(f ).
(a) The reaction described in 3(a) is simulated by
pp → pπ0p reactions where one of the two pπ0
combinations is required to have a mass smaller than
1.5 GeV/c2. In order to simulate peripherallity, we
assigne a weight
v = e−10|t |
to each generated event, where t is the four-momentum
transfer to the remaining proton. An event has a total
weight W = vw, where w is the phase space weight
given by FOWL. See Fig. 2(a).
(b) The reaction described in 3(b) is simulated
by pp → pπ0p reactions where the target–proton
behaves as a spectator. Each event is assigned a weight
f (ps)= pse−15ps ,
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Fig. 2. Triangular plots for the reactions described in 3(a)–(f ) simulated according to the descriptions in 4(a)–(f ).
where ps is the spectator momentum in the laboratory
system, and a weight
g(t)= e−3|t |,
where t is the four-momentum transfer to the beam–
proton due to the scattering off a π0 moving with a
momentum − ps . An event has a total weight W =
fgw. See Fig. 2(c).
(c) The reaction described in 3(c) is simulated
by pp → pπ0p reactions where π0 behaves as a
spectator. Each event is assigned a weight
f (ps)= pse−15ps ,
where ps is the spectator momentum in the laboratory
system, and a weight
g(t)= e−3|t |,
where t is the four-momentum transfer to the beam–
proton due to the scattering off a proton moving with
a momentum − ps . An event has a total weight W =
fgw. See Fig. 2(c).
(d) The reaction described in 3(d) is simulated
for pp→ pX(1000)p reactions where X(1000) is a
dummy particle with mass equal 1000 MeV/c2, where
both protons shall behave as spectators. Therefore, we
assign to each generated event a weight
f (pt )= pte−15pt ,
where the momentum pt of the final state target–
proton is measured in the system where the initial state
target–proton is at rest, and a weight
g(pb)= pbe−15pb,
where the momentum pb of the final state beam–
proton is measured in the system where the initial state
beam–proton is at rest. An event has a total weight
W = fgw. See Fig. 2(d).
(e) For the events simulated in (d) above we select
L > 0 events in accordance with 3(e) by means of a
weight
u= sin2 θ
assigned to each generated event, where θ is the
angle between the normal to the plane defined by the
momenta of the three final state particles in cms, and
the direction of the beam. An event has a total weight
W = ufgw, where f and g are defined in 4(d) above.
See Fig. 2(e).
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The similarity between Figs. 2(d) and (e) is due to
the strong preference for peripheral reactions given by
the weights in 4(d).
(f ) For the events simulated in (d) above we select
L = 0 events in accordance with 3(f ) by means of a
weight
v = 1− u= cos2 θ
assigned to each generated event, where u is defined
in 4(e). An event has a total weight W = vfgw, where
f and g are defined in 4(d) above. Fig. 2(f ) containes
mainly the tail of the weights f and g. See Fig. 2(f ).
The weight functions used in the simulations de-
scribed above favour low values of the spectator mo-
mentum ps and accept fairly large four-momentum
transfers t to the beam. The distributions of points in
the triangular plots depend, however, to some extent
on the values of the parameters used in the weights.
5. Summary and conclusion
One point in a triangular plot represents all three
angles between the transverse momenta of a three-
body final state in high energy reactions. If an exper-
imentally obtained distribution corresponds to one of
the simulated distributions shown in Figs. 2(a)–(f ), it
would make it possible to eliminate the other options
discussed above.
The distributions of the three angles φ, α and β are
not independent. Figs. 2(a)–(f ) show that unless this
is taken into account when the distribution of, e.g., φ
is discussed in view of some model, one may arrive at
wrong conclusions.
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